Background: Obesity is one of the main causes of morbidity and mortality worldwide. More than 120 genes have been shown to be associated with obesity related phenotypes. The aim of this study was to determine the effect of selected genetic polymorphisms in Uncoupling protein 1 (UCP1) and Niemann-Pick C1 (NPC1) genes in an obese population in Saudi Arabia.
Background
Obesity represent a serious public health problem worldwide and is associated with co-existing diseases, including cardiovascular diseases, type 2 diabetes mellitus (T2DM), musculoskeletal conditions and various cancers [1] [2] [3] . The prevalence of obesity in a population is an indicator of its health status and in recent years obesity has reached epidemic proportions. In the last few decades, Saudi Arabia has witnessed an increased prevalence of obesity [4] . A recent survey revealed that overall, 28 .7% of 10,735 Saudi nationals recruited for a Saudi Health Information Survey in 2013 were obese, with a higher prevalence in females than males (33.5% vs 24.1%) [5] .
Obesity and weight gain have been reported to be associated with several genes in addition to known factors, such as diet and lack of exercise [6] . It has also been reported that obesity is influenced by genetic variations and ethnicity [7, 8] . The polymorphisms which are involved in obesity were shown to be discordant in their association in various e ethnic populations. Therefore, genetic variations in ethnic populations need to be determined to validate the genetic significance of the polymorphisms. The majority of the genetic variations in obesity are related to the genes associated with energy metabolism. Uncoupling proteins are associated with the pathogenesis of obesity and T2DM by deregulation of energy expenditure, thermogenesis and reduction in oxidative stress [9] . Several studies have reported that polymorphisms of the UCP1 gene such as, g.-3826A > G (rs1800592), g.-1766A > G (rs10011540) and g.-112A > C (rs3811791) in the promoter region, and p.Ala64Thr (rs45539933) and p.Met299Leu (rs2270565) in the codon region are associated with obesity and T2DM [10] [11] [12] [13] [14] [15] . The Niemann-Pick C1 gene (NPC1), another reported genetic determinant of obesity, is a gene for transmembrane glycoprotein located in the limiting membrane of late endosome/lysosome (LE/LY) and mediates intracellular trafficking of sterols [16] [17] [18] . It has been reported that rs1805081 (p.His215Arg) and rs1805082 (p.Ile858-Val) polymorphisms of the NPC1 gene are associated with early-onset and morbid adult obesity in a European population and Chinese children [19] [20] [21] . A Genome Wide Association Study conducted on Mexican children found a significant association of risk allele NPC1 rs1805081 with increased fasting glucose levels and decreased fasting serum insulin levels [22] .
The UCP1 and NPC1 genes are known to be involved in the regulation of energy metabolism and the role of the polymorphisms in these genes with respect to obesity is arguable due to the diverse results of studies performed in different ethnicities. The aim of this study is to determine the association of the polymorphisms of the UCP1 [rs1800592, rs10011540, rs3811791, rs45539933 and rs2270565] and NPC1 [rs1805081 and rs1805082] genes in a Saudi population.
Materials and methods

Subjects eligibility and recruitment
A total of 337 obese patients and 155 non-obese control subjects attending King Fahd Hospital of the University were included in the study. All patients and controls were Saudi origin. The inclusion criteria for obese patients included BMI ≥30 kg/m 2 and age between 18 and 60 years. The control group comprised healthy subjects with a BMI < 30 kg/m 2 . The patient cohort was grouped as moderate-obese and extreme-obese based on the heterogeneity of variations in suspected etiology, prevalence, mortality rate and anthropometric measures, mainly BMI. The moderate-obese cohort comprised patients with a BMI ≥30-39.9 kg/m 2 and the extremeobese cohort with a BMI ≥40 kg/m 2 . These cohorts were further subdivided based on age, gender, abnormal biochemical parameters and co-existing conditions. Written informed consent was obtained from all participants. 
Sample collection and biochemical parameters estimation
Five mL of whole blood was collected in EDTA anti-coagulated vacutainers from patient and control subjects after an overnight fast. Biochemical parameters, including total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides levels, fasting blood glucose (FBG) level and insulin levels were determined at King Fahd Hospital of the University using Siemens Dimension RxL chemistry system (Siemens, Erlangen, Germany) and other details of co-existing medical conditions were collected from the hospital medical records.
Mutation detection by TaqMan SNP genotyping assay
Genomic DNA was isolated using Promega DNA isolation kit (Promega, Madison, USA) according to the manufacturer's instructions. Concentration and purity of isolated DNA were determined using Nanodrop spectrophotometer and then stored at − 20°C until the day of mutation analysis. TaqMan chemistry based Real-Time PCR method was used to detect the SNPs of UCP1 (rs1800592, rs10011540 and rs3811791) and NPC1 (rs1805081 and rs1805082). TaqMan probes were synthesized by Applied Bio systems, (Thermo Scientific, CA, USA) which detect both wild and mutant alleles. The assay was conducted as per the manufacturer's instructions. ABI 7500 fast real-time PCR system proprietary software (Thermo Scientific, CA, USA) was used for analysis and interpretation of the results.
Mutation detection by capillary sequencing assay
Distribution of polymorphisms and novel mutations on exon 2 and exon 5 of UCP1 gene was carried out using capillary sequencing by ABI 3500 genetic analyzer (Thermo Scientific, CA, USA) as previously reported [23] . The targeted gene sequence was amplified using polymerase chain reaction with specific primers for Exon 2 (Fwd-5'TCTGCACCTTTCTTATTTC3' Rev-5'TCTC GCCAATTTGTTATGAA3') and Exon 5 (Fwd-5'CAAA AGTCTGATGTTGAC3' Rev-5'GAAATCTGTGGCAA GGAAAAGT3') on a thermal cycler S1000 (Bio Rad, Hercules, California, USA). BigDye Direct sequencing master mix was used to perform the cycle sequencing reaction. The Sequencing Install Standard and BigDye® Terminator v3.1 Kit. POP7 polymer and 50 cm capillary (Thermo Scientific, CA, USA) were used in this procedure. 10 μl of purified product was loaded in 96 well plates and analyzed using ABI genetic analyzer 3500 (Thermo Scientific, CA, USA) for sequence detection.
The DNA sequence was then viewed on sequence analysis software. Sequence alignment was performed using the NCBI alignment and codon code analyzer software with reference sequence of UCP1 gene (NG_012139.1).
Statistical analysis
Collected data were summarized as mean ± SD. The patient and control demographic parameters, including biochemical and clinical data, were tested for statistical difference using students' "t" test for continuous variables and Chi-square test for discrete variables with one degree of freedom. Risk allele frequencies (RAF) were estimated by direct counting of the test allele divided by the total number of alleles. Multiple variable logistic regression model using age, sex, and absence/presence of T2D as covariates was performed to assess the association of these SNPs with obesity. The p value < 0.0125 has been considered as significant for regression analysis as per Bonferroni-correction. All statistical analyses were performed using SPSS software (version19) and GraphPad Prism 7.03.
Results
Clinical, biochemical and genotypic characteristics of the Unstratified case and control subjects A total of 337 obese patients (Male = 138, Female = 199) with a mean BMI of 39.59 ± 10.32 kg/m 2 and a mean age of 47.41 ± 12.79 years were included in this study. The control population included 155 healthy volunteers (Male = 76, Female = 79) with a mean BMI of 24.09 ± 2.6 and a mean age of 43.86 ± 14.54 years. Of the 337 obese patients, 235 were T2DM patients and 85 had hypertension (HTN). The levels of FBG, triglycerides, and HDL were significantly different (p < 0.05) between the patient and control groups. The clinical and biochemical parameters of the patients and controls are presented in Table 1 .
The allele frequencies of the SNPs rs1800592, rs10011540, rs3811791 (UCP1) and rs1805081 and rs1805082 (NPC1) are listed in Table 2 and genotype frequencies are mentioned in Additional file 1: Table S1 . The mutant allele G of SNP rs1800592 on UCP1 showed a significant association with obesity [OR, 1.52 (1.10-2.08); p = 0.009]. The distribution of all other SNPs in the patient and control population did not reveal any statistical significance. All genotype frequencies of the control group were consistent with Hardy-Weinberg equilibrium. Sequencing for Exon 2 and Exon 5 of UCP1 revealed three genetic variants, Leu59Gln (1.51%), Ala64Thr (11.36%) and Met229Leu (14.39%) in the studied population and all were genotypically heterozygous. Therefore, these variants were excluded from the association analysis.
Clinical, biochemical and genotypic characteristics of BMI stratified cohort
The association of rs1800592 and rs3811791 SNPs with obesity is arguable as results in different populations [10] and also in stratified obesity groups are controversial [24, 25] . To shed some light on the association, the patient group was further classified according to BMI namely moderate-obese and extreme-obese. The risk status of these cohorts was analyzed. The clinical and biochemical parameters of these cohorts are shown in Table 3 . There were no significant differences among the biochemical parameters after stratification except for HDL which showed a significant difference in the extreme-obese cohort (p = 0.007). The allelic frequency distribution for UCP1 and NPC1 polymorphism was analyzed for the stratified cohorts, moderate-obese and extreme-obese (Table 4) , similarly the frequencies of genotype in stratified cohort are given in Additional file 1: Table S2 . The significant SNPs rs1800592 was not significantly associated with both stratified cohort, whereas (Table 4) .
Associated UCP1 SNPs (rs1800592 and rs3811791) vs biochemical parameters and co-existing diseases
To verify the association of UCP1 risk alleles (rs1800592 and rs3811791) with the abnormal biochemical parameters and co-existing diseases such as T2DM and HTN in the control, moderate-obese and extreme-obese cohorts, the risk allele frequencies (RAF) of both SNPs were calculated and plotted as shown in Fig. 1 . The RAF of SNP rs1800592 was higher in the moderate-obese cohort with abnormal HDL and LDL levels compared to the control and extreme-obese cohorts. In rs3811791, the RAF was equally distributed to each cohort for low HDL level but for high LDL level, it was higher in the moderate-obese cohort (Fig. 1a) . For hypercholesterolemia, the RAF of rs1800592 was higher in the extreme-obese cohort whereas, rs3811791 was higher in the moderate-obese. The RAF of rs1800592 was higher in the moderate-obese cohort for hypertriglyceridemia whereas, that of rs3811791 did not show any difference between these cohorts (Fig. 1b) (Additional file 1: Table S3 ).
T2DM (70%) and HTN (25.2%) were co-existing diseases in the total patient cohort. In 207 moderate-obese subjects, 84% had T2DM and 25% had HTN, whereas in the 130 extreme-obese subjects, 47.3% had T2DM and 19.2% had HTN (Fig. 1c) . Allele frequency analysis showed that the RAF of rs1800592 was higher in the moderate-obese cohort in both T2DM and HTN patients, whereas the other risk allele of rs3811791 was not remarkably changed after stratification (Fig. 1d) . Associated UCP1 SNPs (rs1800592 and rs3811791) vs age and gender with BMI It has been reported that the prevalence of obesity is higher in young females in the Saudi population than males. In our study, it was found that the majority of the subjects were female in both stratified groups. To confirm if there was any association of age and gender with BMI, the patient population was subdivided based on age (≤35 years and > 35 years) and gender. We observed a higher number of young females (≤35 years) in the extreme-obese cohort whereas, the males > 35 years of age dominated the moderate-obese cohort (Fig. 2a) . To determine the association of age and gender with BMI, a box plot with BMI on Y-axis and subdivided patient groups on X-axis was plotted as shown in Fig. 2b . In both age groups, the increased BMI was associated with female subjects (≤35 years: mean BMI = 43.26 ± 8.58 kg/m 2 ; and > 35 years: mean BMI = 38.64 ± 7.27 kg/m 2 ). To verify whether these two risk alleles of UCP1 had any association with age and gender, the RAF was studied after subdividing the patient group based on age and gender. The RAF of rs1800592 was higher in the extreme-obese males in ≤35 years sub group whereas, in the > 35 subgroup, the RAF in the moderateobese males was high (Fig. 2c) . For rs3811791, the RAF was higher in females aged ≤35 years with extremeobesity and in males aged ≤35 years with moderateobesity. In the > 35 years group, the RAF was high in both male and female in the moderate-obese cohort (Fig. 2d) .
Discussion
This study reports the association of common UCP1 polymorphisms in an obese population in Saudi Arabia. The UCP1 gene is considered to be a candidate gene for obesity and T2DM as the polymorphism of this gene reduces the mitochondrial membrane potential and mediates proton leak [26] . Mutations in these genes reduce the availability of functional proteins, which in turn, could reduce energy expenditure by increasing coupling of oxidative phosphorylation, thereby contributing to the development of obesity.
We selected the most studied polymorphisms of the UCP1 gene with respect to obesity. Many studies have reported that polymorphisms (rs1800592, rs10011540, rs3811791) of the UCP1 promoter region and rs45539933 and rs2270565 of the UCP1 coding region are associated with obesity and T2DM. Among these polymorphisms, rs1800592 was the most studied polymorphism and the results were highly controversial in different populations [10] . To the best of our knowledge, no previous studies have reported an association of rs1800592 polymorphism from our geographic region. The importance of rs1800592 polymorphism in regulating the expression of the UCP1 Fig. 1 Frequency of the risk alleles of rs1800592 and rs3811791 in patients with abnormal HDL and LDL (a) and hypercholesterolemia and hypertriglyceridemia (b). Number of T2DM and HTN patients in the whole patient group and after the stratification (c); and the frequency of the risk alleles in these stratified cohort (d). Mod-obe: moderate-obese; Ext-obe: extreme-obese; T2DM: type-2 diabetes mellitus and HTN: hypertension gene has previously been reported in obese subjects [27] . The presence of rs1800592 polymorphism in the UCP1 gene was first identified in 1994 in a pilot study conducted on 261 Canadian patients and was associated with obesity and weight gain [28, 29] . Subsequently, several studies reported the status of this polymorphism with obesity and other associated parameters in different populations, but it still remains arguable as it exhibits different allele frequencies in various ethnic populations.
In this study, we found that UCP1 gene polymorphism rs1800592 is significantly associated with increased BMI. When the patient cohort was stratified based on their BMI, other UCP1 SNP, rs3811791, was associated with moderate-obese patients. Several independent studies conducted in different ethnicities supported the association between the G-allele of rs1800592 and obesity, BMI or other obesity-related parameters [30] [31] [32] . On the other hand, a number of studies have reported a lack of association of rs1800592 with an obese population with different ethnic background [33] [34] [35] [36] [37] . Previously, the association of another significant UCP1 SNP rs3811791, was reported in Japanese and Indian diabetic patients [13, 38] . For the first time, this study reports the association of rs3811791 SNP with obesity, specifically in moderate-obese patients. We could not determine any association of other UCP1 polymorphisms, namely rs10011540, rs45539933 and rs2270565 in this population. The association of NPC1 polymorphisms rs1805081 and rs1805082 has been reported in European subjects [19] . However, in a study conducted on obese Chinese children, rs1805081 was not significantly associated [20] . Obesity in the population included in the current study was not associated with the reported NPC1 polymorphisms, which is in accordance with an earlier study conducted in Saudi Arabia, indicating that this SNP is neither associated with obesity nor BMI [39] .
Several studies have reported that the G-allele of rs1800592 is associated with a low level of HDL [40] , and high level of triglyceride [41] and LDL [42] in obese subjects in different populations. Similarly, in this study, we observed an increased RAF (G-allele) with lower HDL and higher LDL and hypertriglyceridemia in the moderateobese cohort than in the extreme-obese and control cohorts. These observations reflect the effective involvement of UCP1-mediated pathways in the regulation of obesityrelated metabolic parameters in moderate-obese subjects. However, in extreme-obese cases, other functional pathways are effectively involved which may increase BMI, thereby increasing the risk of metabolic complications.
UCP1 is predominantly expressed in brown adipose tissue and eminently participates in the process of thermogenesis [43, 44] . Recent studies conducted in animal models using targeted chemical uncouplers and adipose tissue-and skeletal muscle-targeted overexpression of UCP1 resulted in decreased hypertriglyceridemia, glucose homeostasis by increased insulin sensitivity and glucose uptake and as well as a decreased level of dietand genetic-induced obesity [44] [45] [46] [47] [48] . There was a significant number of diabetic patients in both moderateobese (four-fold increase) and extreme-obese cohorts (two-fold increase) compared to the control cohort. The increased number of T2DM patients and increased RAF of rs1800592 in the moderate-obese cohort sheds light on the association of this SNP with obesity associated with T2DM. The association of rs1800592 with T2DM is controversial as the studies conducted in different ethnicities exhibited varying results [31, 33, 35, 49] . UCP1 may play a major role in inducing insulin-resistance and diabetes in moderate-obese cases. This observation may also help to accelerate the investigation on how these two complicated conditions, obesity and T2DM, are inter-related with each other.
A schematic representation of the available data which specifically reported how this rs1800592 risk allele (allele G) is associated with obeisty worldwide is shown in Fig. 3 [11, 30, 31, 33-36, 41, 48-51] . A recent population-based study reported that BMI levels were increasing in the Saudi population, with a more rapid increase in females than males [4] . Similarly, Memish et al. (2014) reported that the level of obesity in Saudi females was higher than that in males (33.5% vs 24.1%) [5] . The present study revealed a higher ratio of young obese female patients within the extreme-obese cohort compared to the moderate-obese cohort.
Conclusion
The present study reveals a significant association of rs1800592 and rs3811791 polymorphisms in the promoter region of the UCP1 gene with obese population in Saudi Arabia. The associated UCP1 polymorphisms in the moderate-obese group may regulate impaired energy metabolism which plays a significant role in the initial stages of obesity. NPC1 polymorphisms were not found to be an important risk factor for obesity in Saudi Arabia.
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